On 12 September 1849, the newspaper Revolução de Setembro (The September Revolution) reported the events of the previous two days that had taken place in the Boavista area located between the Santos and Cais do Sodré squares, the main industrial neighborhood of Lisbon, the Portuguese capital city:
The workers refused to work overtime at night and they demanded full payment as if they had worked the same hours they do in summertime. It would be convenient for the Government to take this issue in serious consideration, seeking to remediate this growing evil by conciliating the interests of workers and those of the owners. It is the question of work organization that always emerges with Tiago Saraiva is assistant professor at the Department of History of Drexel University and Ana Cardoso de Matos is professor in the Department of History of the University of Évora and member of the research team of CIDEHUS (Interdisciplinary Centre for History, Culture and Societies). They co-edited, with Antonio Lafuente, Maquinismo Ibérico (Aranjuez: Doce Calles, 2007) .
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Technological Nocturne
The Lisbon Industrial Institute and Romantic Engineering (1849-1888)
T I A G O S A R A I V A a n d A N A C A R D O S O d e M A T O S
the development of industry. It is the social malaise that knocks at our door when everyone thought it was still far away from us. 1 The warning tone of the journalist was fully justified, for he was reporting no less than the first registered industrial strike in Portugal. This landmark of Portuguese social history apparently doesn't offer many difficulties in its interpretation; the conflict rose from changes to the working schedule.
2 Some five to seven hundred metalworkers refused to accept the imposition of the twelve-hour summertime workday during the shorter winter days, arguing that no other profession worked after sunset. The novel use of gaslight allowed factory owners to ignore seasonal variations of daylight, raising criticisms from workers who denounced the new timetables as artificial and harmful.
Regimes aimed at increasing workers' output and resistance to harder working rhythms constitute traditional raw material for the prolific historiography dedicated to the formation of the working class in Portugal and elsewhere. 3 The pattern is clear: as new technologies enter the workplace they bring with them new forms of control of the workforce, increasing tensions between workers and capitalists. This article explores an alternative path, illuminating a different kind of appropriation, that of the nighttime, through the mediation of technology. This sustained alternative social relations and new cultural practices: gas and electric light did not transform night into day; technology instead opened up the possibility for new nocturnal experiences. Workers were, to be sure, pushed to work more hours, and dark urban alleys turned into respectable, illuminated streets for bourgeois sociability. But lighting technology also brought with it promises of a more just society and new ways of questioning notions of progress. Illuminated nights sustained dreams of social emancipation, inspiring nocturnal, romantic poets to problematize the urban developments of the bourgeois city. In contrast to scholars interested in the disenchanted night of the industrial era, we emphasize the nocturnal enchantment produced by technology. 4 Technology didn't extend daytime into nighttime, or bring reason and order to the dark unruly hours of the day. It produced an alternative third time/space of romantic, nocturnal experiences in which reason and feelings sustained one another.
This argument owes much to José Augusto França, the doyen of Portuguese art historians, who in the 1970s characterized the country's culture 4. The best representative of such tradition is probably Wolfgang Schivelbusch, Disenchanted Night. from the 1840s to the 1880s as a romantic combination of enlightened liberal elements with "gothic . . . nocturnal facts."
5 Such insight is complemented here with the growing interest by historians of science in the mutual reinforcing relations between romantic culture and scientific practices. The works by M. Norton Wise, John Tresch, and Iwan Morus suggest that instead of insisting on the opposition between scientific rationality and romantic sensibility, we should seriously consider steam engines and electromagnetic instruments as "romantic machines."
6 These authors developed their arguments by looking at canonical names in the history of science, such as Humboldt, Helmholtz, Carnot, Ampère, Davy, or Faraday, working in Berlin, Paris, or London. The engineer José Vitorino Damásio (1807 Damásio ( -1875 and the physicist Francisco Fonseca Benevides (1836 Benevides ( -1911 , the two main historical actors in the present article, did not work in major European capitals, nor are their names associated with any major technological innovation or scientific discovery. More than just filling in gaps in a literature that tends to overlook historical realities outside richer countries, we aim to demonstrate the historical value of considering the two as romantic characters by placing their scientific and technological practices in a cultural continuum with poetry, opera, and modern city life at large. In other words, we argue that the historical significance of Damásio and Benevides is only fully perceived if they are taken as romantic engineers, for whom technology emancipates workers; produces new aesthetic experiences and new ways of feeling; expresses nature's harmony; and leads to heroic lives.
This article details how new urban, nocturnal experiences emerged from the works undertaken at the Lisbon Industrial Institute (Instituto Industrial), the institution first directed by Damásio and study recasts the history of the Institute as a romantic story that weaves together the Saint-Simonian utopia of social emancipation with technical education, romantic heroism with precision instruments, and sensational and theatrical performances with the conversion of imponderables-heat, electricity, and light. It combines the interest in the space of science production, typical of history of science and science studies, with the history of production and consumption of lighting more commonly found in the history of technology and urban history literature.
8 Building on our previous explorations of the interplay between science and urban life, we deal with the Industrial Institute at three main scales: first, the institution's building itself, including its workshops and lecture rooms; second, its immediate neighborhood, the industrial area of the Boavista; and third, the institute's presence at the city scale, in Lisbon theaters, cafés, industrial exhibitions, and avenues. Focusing on these three scales allows us to explore the continuities between technology and culture. In a review of Thomas Hughes's seminal work, Networks of Power, David Nye argued in 1984 that historians of technology were confronted with two main options: either they followed Hughes's path and studied how different sociotechnical systems evolved in different cultural contexts, focusing their attention on the system builders, or they could explore the "new cultural choices" opened up by the systems, making workers and consumers the main subjects of historical inquiriesNye's favored option.
10 As our historical actors move through the different scales-institute, industrial neighborhood, city-they suggest an alternative way, one in which technology and culture are not conceptualized as two separate, albeit interrelated, spheres, but instead as entirely coincident: technology as culture. Damásio and Benevides are simultaneously system builders tending Hughes's networks and cultural critics exploring the implications of new technologies as Leo Marx's transcendentalists or Rosalind Williams's sci-fi novelists.
11 They offer insight both into material practices and of subjective experiences.
12 They explore together with poets and 12. This renewed attention to subjective experience in history of technology narra-opera lovers the meaning and reach of the new nocturnal experiences opened up by the artificial lighting they themselves put into place.
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Saint-Simon in Portugal and the Foundation of the Lisbon Industrial Institute
None of the journalists reporting that inaugural industrial strike of September 1849 blamed the workers for the events or sided with the factory owners. As we saw, the newspaper Revolução de Setembro pleaded for conciliating the interests of both, while another major Lisbon news outlet, Revista Universal Lisbonense, explained in a didactic tone, "We don't believe there must be an opposition between workers and owners, because the interests that connect them ensure the stability of their union." 14 Marxist-oriented historians might judge such statements as no more than pious vows by bourgeois authors who would soon show their true colors. But this apparently naïve call for social harmony was an important part of the ideology sustaining the Revista Universal Lisbonense. 15 In fact, we can find the same themes in its coverage that same fall of the Exhibition of Portuguese Industry (1849) at the facilities of the Navy Arsenal, itself located in the industrial neighborhood of the Boavista where that first industrial strike of metalworkers had taken place. 16 The engineer S. J. Ribeiro de Sá, the main editor of Revista Universal Lisbonense, didn't retain his enthusiasm, and emphatically asserted that the industry exhibition in the Boavista was a "national celebration, a reunion of brothers, even when it is the work and not the blood that binds the thoughts and the arms of hundreds of men." 17 tives has been eloquently suggested by Williams, "The Lantern-Bearers of the History of Technology."
13. This form of dealing with technology and culture as separate but interrelated realms is patent in the following influential works in history of technology: Marx, The Machine in the Garden; Nye, American Technological Sublime; and Hughes, HumanBuilt World. 14. "Os operários e as horas de trabalho." 15. On the importance of the Revista Universal Lisbonense in Lisbon's printed press scene, see A. C. d. Matos, Ciência, Tecnologia e Desenvolvimento Industrial; and Maria de Fátima Nunes, Imprensa Periódica Científica. 16. See Sociedade Promotora da Indústria Nacional, Exposição da Industria em 1849. For a more detailed description of the exhibition, see Saraiva, Ciencia y Ciudad, 167-69. Although preceded by few other similar events, it seems reasonable to perceive it as the first big-scale experiment in Lisbon with industrial exhibitions, a crucial element of nineteenth-century urban life, epitomized by the Great Exhibition two years later in London. The same industrial association-the Society for Promoting National Industry-that put together the Portuguese industry exhibition also undertook responsibility for showing, two years later, the Portuguese products at the London Crystal Palace. On this association, see A. C. d. Matos, Ciência, Tecnologia e Desenvolvimento Industrial, 17. S. J. Ribeiro de Sá would also be the one in charge of the Portuguese representation in London in 1851. Saraiva, Ciencia y Ciudad, 169; and Sá, "Sociedade Promotora da Indústria Nacional."
For those familiar with the political jargon of the era, the use of such language in reference to industry is readily identifiable with the theories of Henri de Saint-Simon and their technological utopian socialism.
18 SaintSimonian apostles who trained at the Parisian École Polytechnique famously proclaimed the coming of a new era in which machines and communications would abolish social antagonisms. Ribeiro de Sá, who had been trained in the Lisbon Polytechnic School, also held no doubts concerning the cohesive effects of technology in the social body.
19 When describing the display of the José Pedro Collares factory at the industrial exhibition, one of the main foundries in the city and also the main scenario of the strike mentioned above, Ribeiro de Sá made metalworkers the embodiment of progress through the transformative power of technology: "the dark and robust arms moved by the breeding of steam" converted the sixty foundry workers into the "glorious race of the most useful men to society." 20 The Industrial Exhibition was the alleged proof that there was no hatred between workers and owners, all united through steam power in a new society of industrialists. According to romantic Saint-Simonians, steam engines didn't produce the society of individuals celebrated by liberal thinkers or the class society denounced by Marxists, they formed instead a new human brotherhood.
Ribeiro de Sá and his fellow engineers would take political power in 1851 with the aim of applying the Saint-Simonian principles to the whole of Portuguese society through a military coup that founded the Regeneration regime that dominated the politics of the country until the early 1890s. 21 With a clear parallel to the example of Napoleon III in France, the regenerationist coup, "a coup to end all coups," promised to put an end to previous political and social disputes by an ambitious program of "material improvements," of which railway lines constituted the most visible element. 22 Significantly enough, the leading figure of the regenerationist party-Fontes Pereira de Melo-was an engineer who intended to regenerate the country through the newly created Ministry of Public Works, Commerce, and Industry, and who called himself a "railway fanatic. ing elements of Saint-Simonians, who dreamed that with the crisscrossing of the globe with roads, canals, and railways, humankind would become unified through the unrestricted circulation of goods, people, and ideas. 24 But, as Ribeiro de Sá's rhetoric reminds us, no less important in the political economy catechism of Saint-Simonians was the issue of industry and machines as binding elements of a society of producers. Although the new ministry included "Industry" in its name, thus bringing explicitly to the structure of the Portuguese state the sacred trilogy of Saint-Simon-Communications, Commerce, and Industry-industry has played a secondary role in historical accounts of the regime when compared to railways. After all, in 1852 the steam engines used in the whole of Portuguese industry didn't produce more than 1,000 hp, while in Prussia that number had already reached around 42,000 hp. 25 In 1851 Portugal had no more than about 16,000 industrial workers, but from 1852 to 1890 their number in Lisbon increased more than three times. By 1881 an industrial enquiry estimated that 10,000 hp powered the capital's factories. 26 Portugal did industrialize during the second half of the nineteenth century, propelled by highly protectionist tariffs, but it did so considerably slower than the rest of western Europe. Its industrial growth was always limited by the small size of its internal market. It is not our intention to add new arguments to the causes of Portuguese backwardness in comparison to other European countries. We would like to suggest instead that it is rewarding for historians to take seriously the Saint-Simonian commitment to industry in the new regime. Indeed, while hp numbers placed the country at the rear of industrializing western Europe, no other nation could boast of a ruling elite as committed to the Saint-Simonian gospel as the Portuguese one. 27 J. P. Oliveira Martins-an engineer who also trained at the Lisbon Polytechnic School, turned into a public intellectual deeply critical of the regime, and fixed its characteristics for the succeeding generations of historians-denounced the overwhelming presence of the utopian ideology among regenerationists, pointing out that "saint simonianism infiltrated the thoughts of the New Generation." 28 And it is such infiltration that first 24. Picon, Les saint-simoniens. 25. Portuguese economic historians have demonstrated that Regeneration oversaw Portuguese industry growing on a sustained trend, propelled mostly by expanding internal demand, a dynamic concentrated first and foremost in the capital city. The numbers are not consensual, but they all point at the same general trend. Jaime Reis, "O atraso económico português em perspectiva histórica"; Pedro When regenerationists came to power it was thus no surprise to find Damásio as member of the Council of Public Works, a restricted group of six engineers in the Ministry who had to give their seal of approval for the building of any new major communication infrastructure in the country.
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If the other members of the powerful council bragged about their expertise in civil engineering, Vitorino Damásio was clearly the one closest to the industrial world. He was an accomplished industrial entrepreneur, coowner of a successful foundry in Oporto, the second largest city in the country, and deeply involved with other members of the local elite in projects of social reform. Inspired by Saint-Simonian ideals of association and of technical education for workers' emancipation, he founded in 1849 the Industrial Association of that city in which he became the main promoter of an industrial school with the aim of improving industry by the application of science. It was this Oporto experience, with its emphasis on "observation, manipulation and experiment, as well as the graphic works" as opposed to mere "oral lectures," that would serve as the first source of inspiration for the new Lisbon Industrial Institute with Vitorino Damásio as director.
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for capitalism," importantly adding in a disapproving tone the presence of Saint-Simonian doctrines among the new rulers: "Capitalism, socialism, there it is, in effect, the deep meaning of the Regeneration . . . Fourier, Saint-Simon, Owen, Cabet: capitalists or socialists? The two things at the same time. It was socialism through capital." J. P. d. O. Martins, Portugal Contemporâneo, 291, 340, and 382. 29. Together with the also newly founded Agricultural Institute, the Industrial Institute was put under direct dependence of the Ministry of Public Works, Commerce, and Industry, in clear contrast to the other higher education institutions of the country, leaving no doubts about its political patronage. Significantly, the new ministry controlled neither the Polytechnic School nor the Army School, the two main engineering institutions at the time. In his report on the first year of the Lisbon Industrial Institute, Damá-sio also mentions earlier initiatives which had not succeeded. 33 When explaining previous failures, he first points to the issue of the target public. Past institutional arrangements had arguably not been inclusive enough, aiming only at students with formal training, which was limited to a small group of elites. The new Institute, in contrast, was to offer three kinds of courses-elementary, secondary, and complimentary-and, to be admitted, candidates had only to be twelve years old and know how to read, write, and count. 34 The Lisbon Industrial Institute combined the French model of the Conservatoire des Arts et Métiers, geared towards workers' education, and the elitist École Centrale, geared towards engineers, creating a tripartite course structure aimed at training not only skilled craftsmen and foremen, but also industry directors. 35 This stood in sharp contrast, for example, to the 1850 opening of a short-lived Industrial Institute in Madrid which exclusively trained engineers. 36 In Lisbon, all different levels were brought under the same institutional roof. The traditional hierarchy of the workshop divided by worker, official, and foreman (mestre) was thus complemented with a new one-the director (mechanic or chemical). Those willing to achieve this new higher status of director had to attend classes in applied chemistry and industrial mechanics (taught by Damásio) , as well as in economy and industrial legislation. The chair of the latter course was no other than António de Oliveira Marreca, the first expert in the country on the political economy of Michel Chevalier, the most accomplished of the Saint-Simonian apostles.
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This new society of industrialists with workers, foremen, and directors, all united through technology, could only be materialized at night. As stated by Damásio, previous institutions only had "daytime lectures, which forced those workers interested in attending them to give up of part of their already meager salary." 38 To make it possible for workers to join, Industrial Institute courses started at dusk. The Institute can thus be seen as a device to transform the night of the workers into an edifying experience. This was another typical Saint-Simonian solution: striving to overcome class conflicts such as the ones that had led to the 1849 strike by forging a coherent "industrial class" and promising that through proper training, anyone could claim the heroic status of industrialist. 39 In the first year no fewer than 744 students attended the institute, a number that would reach 1,079 two years later.
40 Such a high level of attendance is even more striking when bearing in mind that statistics from 1852 indicate that the country had only 16,592 industrial workers in total at that time. 41 Damásio had no doubts that such large turnout was due in great measure to all the courses being offered after 8:00 p.m. And it is thus no surprise to find out that one of the major items of the Institute's budget in those first years was the expense of gas illumination.
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As suggested by Jacques Rancière in his inspired and provocative The Night of the Proletarians, nighttime should be perceived as the only space/ time left for workers to become proper humans, able to experience life in a meaningful way. 43 His convincing interpretation of French workers' press shows their discontent with initiatives aimed at building a proletarian culture based on exulting the moral qualities of repetitive and tedious activities, and the desire of workers to have access instead to bourgeois high culture by writing poetry or playing the piano. Our story also indicates that together with fine arts and letters, technology was able to embody the promise of humanizing workers. The hundreds of students that attended the Institute's classes under the gaslight, the large majority (more than three-fourths) of them industrial workers and their sons, had allegedly found an alternative to the extended shifts of the illuminated workshops of the Boavista as well as to the more than 300 taverns in Lisbon. 44 Together with the classrooms and laboratories for lectures in mathematics, physics, chemistry, descriptive geometry, mechanics, and drawing, the Institute included model workshops and an industrial museum. 45 In the workshops, the scientific principles learned in the classroom were to be applied to practical tasks. The Institute thus included from its onset workshops of carpentry, foundry, forging, sawing, drawing, and precision instruments. With the exception of the last one, which constituted a novelty in the country, all of them were conceived as model versions of the real industries surrounding the Institute. For Damásio, the "workshops were to be not only a practical class but also a factory, producing enough to fund itself." 46 The Institute was a true factory, although an exemplary one, not only for its level of technical sophistication but also for its social and working conditions. The common humiliating atmosphere of the factory floor was to be abolished with no tolerance for any kind of physical punishment. In contrast to the low level of formality of the contracts dominating Lisbon's industrial world, in the Institute's workshops a set of rules made more transparent the nature of the work, its duration, and the punishments for noncompliance (salary cuts, expulsion). If the Institute contributed to standardization of working processes, it was also meant to be exemplary in demonstrating the opportunities for social mobility thus opened. Those students singled out for the quality of their work could become decurions-responsible for teaching ten other students-and later directors of a workshop themselves. The final aim was, always following Damásio, that after getting enough theoretical and practical training they would open their own independent businesses.
As proof of the real success of Damásio's proposals, five years after its opening, the Lisbon foundries' owners started to pressure the government to close the Institute's workshops, citing unfair competition to their own businesses, and noting that the Institute attracted an increasing number of workers in a context of labor scarcity. In 1858 an official committee was formed to inquire "if the practical lessons of the Industrial Institute workshops were detrimental to private industry," which led to the closing of the workshops in 1860, with the important exception of that dedicated to precision instruments. 47 While it is common for historians of technology to insist on the role of technical education as an extension of social control over workers, such initiative by Lisbon factory owners should make us think as well of the emancipatory value of such education.
Illuminating the Liberal City
Apparently, in the opinion of Lisbon factory owners, the Industrial Institute had fused all too well with its industrial surroundings. Both the location and architecture of its facilities contributed to the confusion. The Institute occupied the old building of the Paço da Madeira (wood customs), sharing it with a fishing company, to which were added several improvised 48 More significantly, it was located in the Boavista neighborhood. In fact, a look at the map reveals its proximity not only to several foundries (Bachelay, Vulcano, Phénix, José Pedro Collares), but also to the mint (equipped with steam engines since 1835), the Navy Arsenal, the gasworks, and smaller units producing glass, ceramics, beer, and ice 49 ( fig. 1 ). The Industrial Institute thus contributed to make the Boavista the most densely packed industrial area in Lisbon ( figs. 2 and 3) .
The first justification for such industrial concentration in the area was its closeness to the Tagus River. The gasworks, located in the Boavista since 1847, offers the best example of the advantages associated with the river from where it got its main raw material-coal imported from England. Like many other companies in the neighborhood, the gasworks had its own private dock granting direct access to the river. Also, the prevailing northwestern winds directed most of the fumes of its highly polluting operation towards the Tagus, during a time when increasingly tight regulations forbade the presence of the most contaminating industries inside the city perimeter. 50 And if transportation and environmental considerations were common to all other industries in the Boavista, the low height of the riverbank enabled the gas company to supply the entire city through its distribution network, dispensing with high pressures in its pipes. It is common to underline in studies of geography of innovation the advantages derived from the presence of different industries in the same area. 51 In the case of the Boavista, while the local foundries supplied tubes for the expanding gas infrastructure, they were the first industrial establishments to benefit from gas lighting, which enabled them to extend their working hours. 52 This helps explain why the 1849 strike started in the Boavista not long after the gasworks had started its operations in the area. As already mentioned, the Industrial Institute depended on the gasworks next door to fulfill its goal of illuminating the nights of the workers. At the same time, the gasworks regarded the Institute as a source of technical expertise and precision instruments. The most telling case is that of Institute student Emílio Dias who, after excelling in both chemical analysis and building precision instruments at the Institute, was hired by the Gas Company in 1872.
53
In his new job Dias would patent an electric manometer that controlled pressure in the retorts used for distilling operations, leading to important savings in coal consumption, the main cost of the company.
54 Although many of the industries around the Institute didn't have permanent technical directors or engineers, they regularly consulted its professors and alumni. 55 By the end of the 1850s, 2,791 street gas lamps extended illumination well beyond the Boavista neighborhood. In addition to public lighting, by 1857 there were 10,588 gas points installed in factories and private homes, and 1,700 more illuminating theaters, clubs, and cafés. Indeed, the first gas lighting installation in Lisbon had been inaugurated in 1848 in the café Marrare, "the meeting place of refined and elegant Lisboners," who under thick clouds of cigarette smoke could embark indistinctly on discussions concerning parliamentary debates, train routes, Paris revolutionary barricades, or opera divas. 56 As the press reported on the debut of the new lighting system, "the name of Marrare is still the representative of the progresses of material civilization." 57 Artificial illumination was perceived as contributing to the enlargement of the bourgeois public sphere, with 58. We could also include the very same economic dimensions of the business of gas production as an important case to understand Portuguese capitalism in its relation to urban life.
59. There is an immense body of literature dedicated to the importance of air, water, and light in urban modernization programs of the liberal period. Enlightenment principles expanding their social presence at the speed of the growing gas infrastructure. Strolling through the romantic gardens of the Public Boulevard (Passeio Público), attending a physics conference at the Grémio Literário club, going to the opera, or debating at the Marrare were all social practices undertaken under the gaslight, and proclaimed the replacement of the dark Old Regime by bright Liberalism. 58 Civilizing nighttime through the presence of gas was part of the desired conversion of Lisbon from obscure court of an absolutist monarchy into the enlightened capital of a European liberal nation.
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The struggle against epidemics was another important argument for opening up the city and replacing dark alleys with broad, illuminated streets. After a surge of violent cholera and yellow fever epidemics in Lisbon in the years of 1856 and 1857, which were responsible for some 9,000 deaths, the entire scientific community of the capital was mobilized to discuss and propose urgent measures to sanitize the city and open its sick body to the light of progress. 60 Maps produced by hygienists detailed the progression of the epidemics through the city and singled out the Boavista as one of the problematic areas. The dark, dense industrial area, combining factories, narrow streets, stinky docks, prostitution, and taverns, was the perfect target for hygienists denouncing the nuisances associated with industrialization and the concentration of poor populations. Júlio Máximo de Oliveira Pimentel, chemistry professor at both the Industrial Institute and the polytechnic school, condemned the "monstrous edifices that honor neither the taste nor the intelligence of our industrialists. True industry does not demand nor does it accept the disorder of construction and narrow filthy streets. It doesn't ask for gray buildings darkened by the smoke from their stacks or vicious air from the unsanitary emanations of poorly calibrated machines."
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One of the first measures to be taken to prevent future epidemics was to drain the sludge and sands that blocked the city sewage system and caused periodic inverted flow of wastewater into the city during high tide. Vitorino Damásio, who had been selected as leader of the commission formed to indicate the "preventive and hygienic ways to keep Lisbon safe from epidemics," would seize the occasion to propose the building of an embankment streamlining the river margins of the entire Boavista area. Shortly after, the director of the Industrial Institute himself would be put in charge of the project and construction work. The Embankment (Aterro) (see fig.1 was conceived to serve four different purposes: clean the riverbank from noxious sludge, allow tall ships to dock, start a railway line along the river towards the west, and embellish the area through the opening of a boulevard lined with trees and gaslights. 62 Hygiene, communications, and leisure were all combined into a single infrastructure that added some 50 m of land to the riverbank. While previously the factory facades, including that of the Industrial Institute, had looked to the sinuous street of São Paulo, the new embankment avenue offered a straight axis along which to organize the industry of the area. What had previously been a mess of warehouses, small docks, abandoned boats, and sludge had given way in 1863 to an elegant curvilinear, illuminated avenue 1,160 m long and 20 m wide.
The Archivo Pittoresco, the main illustrated journal of the capital, offered readers the confirmation that the city was progressing in the right direction: an engraving published that same year showed bourgeois couples strolling along the Embankment (fig. 4) . Starting their promenade in the church in the foreground, they advanced following the tramway tracks and the line of gas lamps in the direction of two smokestacks and newly built houses. 63 By 1877, the Gas Company built a neo-gothic façade to hide its chimneys and furnaces, a late version of Norton Wise's "architectures for steam," domesticating machinery for romantic sensibilities 64 ( fig. 5 ).
FIG. 4
The new street July 24 (24 Julho) in the Embankment (Aterro The "mud of the Boavista" had been replaced by the enlightening experience of a technological march of progress. The Industrial Institute not only aimed at becoming a technical and social model for the industries surrounding it, it also contributed to making the Boavista neighborhood the favorite place for bourgeois sociability in Lisbon in the 1860s and 1870s. As summarized by Chris Otter, vast material resources had been mobilized to "fashion cities into spaces within which civil conduct could be both secured and publicly displayed." 65 
Lighting Technology and Poetic Nocturnal Effects
But lighting was not only about gentrifying neighborhoods and enlarging the bourgeois public sphere. It also included unexpected romantic gothic, nocturnal tones. Or, as the poet Cesário Verde wrote, the gas from the streetlamps makes me queasy; the tumult of buildings, chimneys and people is cloaked in a dullish, London hue. In his four-piece poem published in 1880, The Feeling of a Westerner, "arguably the greatest poem of the Portuguese nineteenth century," Verde rambled at night through the new embankment looking for the sensations produced by the new industrial city: "And I, whose goal is a book that galls, want it to come from analyzing the real." 67 Under the influence of gaslight, the poet was to transmute mundane facts of urban life into uncanny feelings. Technology didn't convert night into day; it exacerbated instead "eeriness" and "melancholy," and transformed ordinary "carpenters leaping from beam to beam" into "swooping bats." In the third part of the composition, entitled "By the Gas," Verde explicitly addresses the nocturnal effects of the new technology:
O long descents! Could I but paint with skilled, sincere, salubrious verses the delicate shimmering of your streetlamps and all your romantic moonlit pallor! City streets were turned into authentic "artificial paradises," as if Verde had replaced Charles Baudelaire's hashish and opium with the inebriating effects of gas in order to experiment with sensibility. Gas made the city poetic.
In fact, the poet in many passages is explicit about his literary affiliation to Baudelaire, and the city characters that his poetry reveals are very close to the gallery of prostitutes, rag pickers, and workers of the Parisian poet. In the poem Disaster, Verde contrasted the "flânerie" along the embankment of "the dandies and the cocottes," with the macabre rambling through the city streets of the corpse of a worker, dead after falling from a scaffold, and ending in the pauper's grave, "without the farewell of his rude comrades, because the boss denied them license, winter was approaching, and works were behind schedule." 68 Verde's nocturnal poetry unveiled the dark stories buried underneath the construction of the bright, bourgeois city. But it is worth pointing out that if Baudelaire's flâneur is a character that absorbs Paris bustle by taking a step back from its activities, rambling during daytime and watching leisurely at a distance while everyone else is at work, Verde waits instead until dusk to start his wandering. 69 We know that he actually worked as salesman in his father's hardware business in downtown Lisbon (Rua dos Fanqueiros), and it was thus only after leaving work that he could start to feel the city as a poet. This "clerk poet" contrasts with the Parisian flâneur who, according to Walter Benjamin, disrupted capitalist order through his leisure practices 70 ( fig. 6 ). Verde's poetry sug-
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440 71. It is not a coincidence that the most important of Portuguese poets of the twentieth century, Fernando Pessoa, who also worked as sales representative, considered himself a disciple of Verde. 72. "As festas do centenário de Camões," 111.
gests a democratization of the figure of the flâneur mediated by the presence of gaslight, with clerks and eventually workers now also able to incarnate a character previously reserved to the leisured class. Once night had fallen, and shops and factories were closed, everyone could become a poet under the effects of gas. 71 It may be argued that such poetic effects were only appreciated by a very small number of Lisbon dwellers. It is thus worth mentioning that Verde's The Feeling of a Westerner was composed for a literary prize on the occasion of the 1880 commemoration of Luís de Camões, the epic poet of the sixteenth century who nationalistic enthusiasts claimed embodied the Portuguese spirit. The Lisbon urban masses were summoned to this civic event that allegedly had no religious or courtly undertones. Only two years after the abolition of the traditional procession of Our Lord of the Steps (Senhor dos Passos), with its penitents dragging their knees and bleeding feet through the streets of the capital, Republican intellectuals were able to put together a civic march mobilizing the Lisbon population to praise a secular hero, Camões. 72 Every Lisbon association and institution (Industrial Institute included), identified by its flag, joined a long civic parade with several floats that included a replica of a fifteenth-century caravel, an allegory of 77. For a more detailed exploration of the new mass culture that emerged in Lisbon in the nineteenth century associated with technology, see Saraiva, "Inventing the Technological Nation." agriculture, and a "copious" industry and commerce car. Many critics denounced the persistent religious tones of the demonstration, but we would like to emphasize, following the Saint-Simonian perspective, that the aim was exactly to replace Catholic faith with a new civic religion. 73 In fact, the organizers of the event were explicitly motivated by Auguste Comte (SaintSimon's secretary and close collaborator) and his proposals for shaping society in a positivist manner, in which a new gallery of men of letters, explorers, engineers, and scientists took the place of Catholic saints.
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The new civic rituals would become embedded in urban habits, as demonstrated by the Pombal and Vasco da Gama celebrations in the following years. 75 In the 1882 centenary of the marquês de Pombal, the minister of the eighteenth-century and symbol of Portuguese enlightenment, a new march was attended by some 200 corporations and associationscommerce and industry organizations, scientific institutions and schools (Industrial Institute included), fire companies, and workers' cooperatives.
76
And as with Camões, after the march finished the main streets became the scenery for a lavish display of gaslight effects. The Rua da Prata was particularly impressive. Several consecutive arches, each holding some thirty gas lamps, produced a spectacular perspective effect, which illustrated journals like O Occidente (The West) were quick to reproduce ( fig. 7) .
As the reference to earlier religious rituals suggests, these technological celebrations were built on an earlier Catholic tradition. The worship of the new saints of the Saint-Simonian credo seemed particularly well suited for an urban culture that was used to seeing the city as a site for masses and processions. 77 The romantic appropriation of technology as a new binding element for humanity, a new religion, points in the opposite direction of Max Weber's famous juxtaposition of modernity and the disenchantment of the world. If the presence of lighting technology in Lisbon streets was perceived as the arrival of modernity to the city, this was a romantic modernity in which technology enabled a collective experience ruled by aesthetics and, one might even say, devotion. The ascetic modernizers of Weber had to give way to devout masses and, maybe worse, nocturnal poets.
Opera, Physics, and Harmony
The point in this paper is not to explore the effects of technology in culture, or how poetry responded to novelties in science and technology, as if we were talking of two separate spheres. What we wish to stress, as stated in the introduction, is that new nocturnal effects were part of a cultural continuum that included technology and poetry, as well as physics and opera. The readers of the illustrated journal O Occidente were in fact used to the combination of nocturnal themes and technology. The same issue that reproduced an engraving of Emílio Dias's electromechanical instrument for regulating physical and chemical purification operations in the Lisbon Gas Company furnaces (mentioned above) included not only another engraving with commemorative medals of Camões ( fig. 8) on the same page, but also a critique of the performance of Arrigo Boito's Mephistopheles at the São Carlos Theater, Lisbon's opera house 78 (fig. 9 ). This bringing together of the 78. "O scenario da opera mephistopheles," 67-69; Benevides, "Manómetro Elec- trico por Emilio Dias," 72. Only to help our argument, the illustration of the new scientific apparatus shared space in the same page with an illustration of Camões commemorative medals.
79. As stated by the critic, "For the large effects of the modern scenic arts it is not enough to have some nicely painted vistas, one needs as well light combinations impossible to find in our stages before they are replaced with new ones following the demands of scenography new processes." From "O scenario da opera mephistopheles." 80. Benevides, O Real Theatro de S. Carlos de Lisboa. 81. Ibid., 229. 82. Tresch, Romantic Machine, 149. devil and lighting technology was not just a curious coincidence. The actual critique of the opera was about the technology used to produce Mephistopheles. The critic scorned the production for its "bad placement of the lights" and for not understanding that the Witches' Sabbath of the second act demanded more than well-crafted scenery. 79 It is worth underscoring that such comment was made in relation to a nocturnal scene: lighting technology was especially important for producing nocturnal effects. The review was not signed, but chances are good that Francisco Fonseca Benevides wrote it. Not only was Benevides a regular contributor to the journal (he also wrote the note on Emílio Dias's instrument), he also authored a history of the São Carlos Theater, first published in 1883, which paid particular attention to the evolution of scenario production.
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It is through this source that we learn that the first time electric light was used in the São Carlos Theater was in 1849 for the special effects of the opera The Prophet, composed by Giacomo Meyerbeer. Benevides criticized the poor performance of the contralto while offering praise for the "Sun effects produced through electric light." 81 Meyerbeer was no less than the main representative of the Parisian grand opera, a "multisensory hallucination"-as John Tresch called it-that constituted a direct precursor of Richard Wagner's idea of the total artwork. 82 The opera Robert le diable, and its profusion of graveyards, ghosts, and shadows produced through gas 83. França, O Romantismo, 192. lamps covered in foil, established Meyerbeer as master of the genre. It was staged in the São Carlos theater no fewer than five consecutive seasons. 83 Benevides's focus on electrical effects is in accordance with Tresch's insight about the critical reception of Meyerbeer's operas being centered on technical innovations. These innovations, rather than being in tension with the spiritual dimension of the work, were on the contrary concretizations of that same spiritualism.
It thus makes sense that when Benevides revised his history of the theater he described with a profusion of details the electrical installation inau- gurated in 1886. An old convent in the Chiado, just next to the opera house, had been converted into a powerhouse housing steam engines and dynamos supplying electricity for 1,451 incandescent lightbulbs and six voltaic arc lamps illuminating the exterior and the main hall ( fig. 10 ). According to Benevides, the effect was no less than "astounding." Stage effects, namely moonlight, were now made through three voltaic arch projectors, "one of 12 Amperes with a large parabolic mirror and Siemens regulator and the other two of 5 Amperes with Siemens regulator of convex lens." 84 The technical details about the São Carlos productions point to more than an art critic interest in scenery machinery. Benevides was not just an opera enthusiast. He had in fact been a professor of physics at the Industrial Institute since 1854, and became its director in 1892. The machinery for the São Carlos was installed under his supervision, and some of the dynamos were later recycled to illuminate with electric light the rooms of the Industrial Institute itself. 85 In fact, many of the early electric lighting ventures in Lisbon, such as the Portuguese Company of Electricity (Companhia Portuguesa de Electricidade), held Benevides's signature as well as that of many of his Industrial Institute disciples.
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While the first director of the Industrial Institute, Vitorino Damásio, had conceived it as a model workshop whose effects were to be extended to the whole of industry, Benevides expected to establish physics as a core field for the new industrial order, surmounting traditional practice/theory divisions. Thermodynamics, optics, and electromagnetism were all seen by Benevides as crucial subjects for preparing the Institute students for a new world made of steam engines, telegraphic communications, and artificial lighting. Underlining the importance of hands-on learning, Benevides would tour world exhibitions (Paris 1867 and 1889) and Europe's instrument makers' workshops to equip the laboratory as well as the Technological Museum of the Institute.
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The most eloquent demonstration of the central place of instrumentation for the Industrial Institute is its precision instruments workshop, which, as mentioned, was the only one to remain open after the complaints of the Boavista industrialists ( fig. 11 ). While the Institute would struggle until the mid-twentieth century with the improvised nature of its facilities, a new building was erected exclusively for the precision instruments workshop. The workshop was offered a well-designed structure with carefully distributed spaces for the different sections (carpentry, glassworks, drawing room, mechanical lathe, testing room) and natural light entering abundantly through the wide lateral windows as well as from the glass rooftop ( fig. 12 ). This precision instruments workshop supplied the national telegraph services with all sorts of electromechanical devices, the geographical services with theodolites and levels, the Water Company with meters, and public schools with scientific instruments. And maybe just as important, it was in this workshop that men who made precision their profession were trained, such as Emílio Dias and his manometers for the Gas Factory; António José dos Santos who, besides designing steam engines and compasses for solving spherical trigonometry problems, developed breaking systems for wagons manufactured in the Phenix foundry; and Maximiliano Her-mann, who founded a precision instruments company in Lisbon dedicated to electromechanical devices. 88 Benevides has no place in a history of science centered on the notion of discovery and on disembodied theories. But this perspective changes if we bring instrumentation and public performance into the picture. Indeed, Benevides's most celebrated innovation was an instrument described in the French Annales de Chimie et de Physique whose main characteristic was its simplicity of design, which made it well adapted for public lectures. 89 The physics professor had the workers of the Industrial Institute precision instruments workshop assemble four tubes into a copper vase connected to a manometer and a thermometer. This basic installation enabled him to lecture about boiling and condensation points, playing with pressure and 88. "O ensino profissional no albergue nocturno, " O Occidente 11, no. 350 (11 September 1888): 203, 205, and O Occidente 11, no. 351 (21 September 1888): 214-15. 89. Benevides, "Nouveau appareil pur la démonstration des propriétés physiques des vapeurs," 204-206. 90 . On the history of thermodynamics and the connections between Thomson and Carnot, see Crosby Smith and M. N. Wise, Energy and Empire. 91. Tresch, Romantic Machine, 40. 92. Benevides, "O Fogo, . (1824), heat and mechanical work converted into each other, as they were both manifestations of energy. Or, as William Thomson later put it in the first law of thermodynamics, there is an underlying energy conserved through conversions.
T E C H N O L O G Y A N D C U L T U R E
90 Benevides's device, with his model steam engine attached, thus belongs to the family of John Tresch's "romantic machines," dedicated to unveiling the unity of physical phenomena and focusing more on conversions, processes, and transformations than on substances.
91 And in fact, much of the fame acquired by Benevides as public lecturer in Lisbon elegant clubs, such as the Grémio Literário in the Chiado, was built around his sessions on the subject of fire, "the reunion of heat and light, the principle of life of vege- Like any other popular lecturer willing to captivate the audience, he relied on well-proven stage effects such as the use of the Ruhmkorff induction coil to produce sparks glowing in the dark of the conference room.
94
Adding to the sense of wonder associated with scientific demonstrations, Benevides turned to gothic themes by discussing the chemical nature of the will-o'-the-wisp, the ghost lights emanating from graveyards, bogs, swamps, and decaying bodies. More importantly, he repeatedly used Portuguese romantic poets such as Almeida Garrett and his vision of the sun as "image of eternity, eye of the world"; Mendes Leal and the "Harmonies of Nature"; Manuel Bocage and his praise of God as "Large immutable Being, who holds the harmony of the ethereal immensity." 95 Benevides then translated all these romantic references to harmony into adequate language for the industrial world: "The Sun-center of life of the planetary system, giving place to successive transformations, keeps always the same power in circulation. Nothing is created. Nothing is annihilated."
96 Ultimately, all different sources of fire on earth were related to the sun through coal: zinc in the electrical pile produced through reduction of ores by coal, steam engines making mechanical movements by burning coal, and living beings depending on carbon consumption. Summing up, "the combustion of coal is the only source of movement, the only source of heat and light, and thus the single origin of fire."
97 Instead of a tension between romantic sublime landscapes and the disenchanted mechanical industrial world, Benevides established a continuum between the two. To think of coal in all its interchangeable dimensions was equivalent to feeling nature's harmony in romantic poems. It is not only that the romantic engineer saw no contradiction between industry and nature; he perceived technology in the form of steam engines, gas retorts, or electromagnetic devices as what made explicit the underlying harmony of nature.
Benevides's ramblings in the city also suggest such a continuum. He was as much at ease in the workshops of the Industrial Institute as in the conference rooms of the Gremio Literário or the foyer of the São Carlos opera house. Teaching physics to workers and engineers at the Industrial Institute; designing precision instruments in a workshop; lecturing in clubs about fire, electricity, and nature's harmony; and discussing the nocturnal effects produced by an operatic production were all part of the same endeavor. For Benevides, there was no literary, romantic Lisbon at the Chiado on one side and a rational, industrial city at the Boavista on the other. The two were one, made of poems, steam engines, operas, and electric machines.
Conclusion
The palace that Nunes Correia built in 1865 proclaimed in stone this idea of a city at once romantic, rational, and industrial. Taken by art historians as the best exemplar of romantic architecture in Lisbon, the palace was designed by Giuseppe Cinatti, the São Carlos opera house set designer, and it has in its façade a gallery of busts and medallions that would have been the joy of the most devout of the Parisian positivists: Dante, Newton, da Gama, Molière, Gutenberg, Michelangelo, Cuvier, Shakespeare, Rafael, Camões, Rousseau, Volta, Galvani, and Meyerbeer. 98 Neither the electrical pioneers nor the opera composer could have been absent from such a romantic display.
The poets, navigators, and scientists of the palace overlooked a romantic garden until the new avenue that Haussmannized the Portuguese capital replaced it in 1886.
99 Two years later the great men would have the opportunity to contemplate the Portuguese Industrial Exhibition located along the avenue, confirming that the positivist order they embodied had now become the main spiritual force of the regenerated nation. While in 1849 Portuguese industry had only occupied one large room of the Navy Arsenal in the Boavista area, the 1888 version sprawled through the whole boulevard that materialized in the cityscape the Europeanization of the country. The visitor rambling from one pavilion to another passed through all different categories of industries, each exhibition impressing in his mind the vision of Portugal participating in the same technological world of its European counterparts: typography and other graphic arts in the D. Fernando pavilion; industrial schools at the gallery of António Augusto de Aguiar (recently deceased minister of public works, professor of chemistry at the Industrial Institute and its director during the year 1870); chemical products and precision instruments in the Faria de Guimarães gallery; agriculture produce (wine, olive oil, flour) at the Queen Amélia and Morais Soares pavilions; metal-and-glass works at the Guilherme Stephens gallery; along with textiles, furniture, photography, music instruments. No one 100. The workers of the different industries paraded in front of the royal stage, on which all major societies and associations stood next to the royal family. Here is the description from O Occidente: "These are the labors who form the links of that great chain of work and whose products-united in fraternal embrace-display astounding brightness, amazing variety, surprising strength, and fill our sprit of enthusiasm. They make us cry bravo from the depths of our soul hailing the great orchestra of work that blurs creature and creator, for it also has the power of creation." From "Exposição industrial portuguesa com uma secção agrícola," 138-39.
101 Confirming the role of the Industrial Institute in the building of this new industrial order, the illustrated journal O Occidente (The West) published parallel to the descriptions of the exhibition a list of its most distinguished students, enumerating also their major accomplishments: Miguel Ventura Silva Pinto, demonstrator at the physics and chemistry laboratories of the Industrial Institute; Antonio José dos Santos, head of the pyrotechnics workshop of the army's maintenance; Caetano Jose de Figueiredo, state supervisor of the engines of the North and East Railway and main engineer of the ice factory; Maximiano Augusto Herrmann, director of an electromechanical instruments company and the first one to install incandescent lightbulbs in Lisbon; Emílio Dias, engineer at the Gas Factory; Ignacio Casimiro Alves d'Azevedo, director of the powder factory; Manuel Simões Nascimento, machine builder; Carlos Augusto Pinto Ferreira, director of the machinery workshop of the Navy Arsenal and one of the founders of the socialist cooperative Centro Promotor dos Melhoramentos das Classes Laboriosas (Center for the Improvement of Working Classes). 101 The list was to be held side by side with the stone figures of the Nunes Correia palace.
These Portuguese industrial heroes had all passed through the model workshops of the Industrial Institute inaugurated in 1852 by Vitorino Damásio. They had all profited from the new use of gaslight illuminating the institution facilities that converted nighttime into a space for social emancipation through technical education. In 1888 they could be quoted as exemplary men of the regeneration period. And if Benevides and his disciples were responsible for extending the effects of artificial lighting to many public spaces in the city, it was only appropriate that the 1888 industrial exhibition constituted the first large-scale experiment with electric street lighting in Lisbon. The power plant built to illuminate the exhibition would be the first element of the diffusion of electric lighting through the city streets.
It was also in that same year of 1888 that the novelist Eça de Queiroz, one of the country's cultural icons, published his most accomplished work,
The Maias (Os Maias).
102 His was a much gloomier take on the regenerationist period. The fashionable curvy, pointy boots of the young men rambling along the avenue, exaggerating the Parisian original model, invoked for him the whole problem of "contemporary Portugal. . . . Dominated by the impatience of looking very modern and civilized, it exaggerates the model, deforms it, caricaturizes it."
103 Like the pointy boots, also the new boulevards, the railways, the steam engines, the electromechanical gadgets, the technical schools, and the electric lights appeared to him to be fake. The last scene of the novel, staged at the Embankment, reveals Queiroz's sense of having lost touch with the new Portugal: "And what are we? [. . .] Romantics: that is, inferior individuals whose lives are ruled by feelings and not by reason. . . ." 104 In spite of his unique ability to characterize Lisbon social types, Queiroz missed the point that feelings and reason were not opposing poles in romantic Lisbon. It was not simply men of science like Benevides who made sense of physical phenomena by reference to romantic sensibility; a new generation of poets such as Cesário Verde also found inspiration in the nocturnal effects produced by technology. While Queiroz chose the Embankment to show how his romantic characters, ruled by feelings, had no place in the new modern, technological world, Verde explored the poetic possibilities opened up by that same embankment illuminated by gaslight.
And maybe Verde offers us the best way out of this obsessive Portuguese paradox in which the least developed western European country has such a strong presence of engineers, industry, and machines. In Verde's The Feeling of a Westerner, the happy people being taken by carriage to the railway station invoke for the poet "exhibitions, countries: Madrid, Paris, Berlin, Saint Petersburg, the world!" Yes, the true modern world was not in Lisbon. But a few verses later, already under the gaslight effect, Lisbon became modern enough to produce in Verde the same feelings Paris produced in Baudelaire, or Philadelphia and London produced in Edgar Allan Poe. The fact that Lisbon's industry had less horsepower than any other of the major European cities didn't hinder him from writing an ambitious poem on The Feeling of a Westerner. He was as much a westerner as any one else could claim. At least that was what the inebriating gaslight allowed him to feel.
Such ambition has also informed our argument, which aims to make a more general case beyond its specific location. The Lisbon Industrial Institute was founded by engineers invested in the Saint-Simonian gospel and trusting in the emancipatory power of technological education for the weaving of a new human brotherhood. Gaslight, which was first perceived by factory owners as an opportunity for longer work hours and which led to the first registered industrial strikes in the country, enabled workers who joined the Institute classes by the hundreds to imagine new futures. The industrialists forged in its artificially illuminated workshops were later celebrated together with the romantic cultural heroes-poets, philosophers, engineers, and scientists-of the new era. Many of these, such as Francisco Fonseca de Benevides, Augusto Herrmann or Emílio Dias, were involved in extending the presence of the new lighting technologies throughout the city in cafés, theaters, or illuminated avenues à la Haussmann. More than producing a disenchanted night, they opened up the city for new romantic, nocturnal experiences as expressed in the poetry of Cesário Verde or in Meyerbeer's operas repeatedly staged at the São Carlos Theater. Benevides, opera critic and physics professor at the Industrial Institute, explained the conversion of imponderables-heat, light, electricity-by invoking the harmony in nature found in Portuguese romantic poets. Envisioning social utopias, worshiping civilizational heroes, experimenting with sensations, and feeling harmony in nature were all features characteristic of romantic culture performed through lighting technology. It is not enough to speak here of technology in the context of romantic culture or of the effects of technology in romantic culture. Technology as romantic culture is a more apt phrase to grasp the historical reality in question. 
